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1. Introduction
Hashimoto’s thyroiditis (HT) and Graves’ disease (GD) 
are frequently occurring autoimmune thyroid diseases 
that diffusely affect the thyroid gland. Both HT and 
GD are characterized by lymphocyte infiltration of the 
thyroid gland (1). The peak incidence of HT is from 30 
to 50 years of age, and most affected patients are female 
(2). GD is characterized by diffuse goiter, orbitopathy, 
and hyperthyroidism. Its peak incidence is from 30 to 60 
years of age, and it is 5 to 10 times more frequently seen in 
female than male patients (3).
The diagnosis of HT and GD is based on clinical 
symptoms, laboratory results, and ultrasonography 
findings. Ultrasonography is a useful diagnostic tool for the 
evaluation of autoimmune thyroid diseases. Both HT and 
GD are characterized by heterogeneous to hypoechogenic 
thyroid parenchyma and elevated or decreased vascularity 
on conventional color Doppler ultrasonography. Stiffness 
of the thyroid gland increases due to inflammation and 
fibrosis. The stiffness of the thyroid gland can be evaluated 
with elastography (4). Elastography is a new dynamic 
technique that provides information about tissue hardness 
using ultrasound waves (5).
The two basic types of elastography are strain 
elastography and shear wave elastography (SWE). 
Both of these techniques have been demonstrated for 
measurement of the stiffness of different tissues in several 
studies. Strain elastography enables prediction of tissue 
elasticity by measuring the tissue deformation parallel 
to the direction of the external force. The stiffness is 
viewed as an elasticity color map superimposed on 
grayscale images. This technique allows the clinician to 
obtain a qualitative or semiquantitative measurement 
by calculating the strain ratio, but the interpretation of 
qualitative strain information and operator-dependent 
freehand compression lead to interobserver variability (6).
SWE is an operator-independent quantitative 
elastography method. It utilizes acoustic radiation force 
impulse (ARFI) imaging to measure the shear wave velocity 
(SWV) of the target area inside the region of interest 
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(ROI) without external compression and can estimate 
the minor differences inside the ROI. The target tissue 
is mechanically stimulated by short-duration acoustic 
pulses to produce small (1- to 10-mm) localized tissue 
displacements; this tissue displacement results in shear 
wave dissemination, which is tracked with the probe and 
measured as SWV (m/s) (7). Virtual touch tissue imaging 
quantification (VTQ) is a new technique that involves the 
use of SWE to quantify tissue elasticity by calculating the 
SWV (8,9). Previous studies have shown that VTQ is useful 
for evaluation of the extension of liver fibrosis, diagnosis of 
chronic autoimmune thyroiditis (CAT), differentiation of 
benign and malignant breast lesions, and differentiation of 
benign and malignant thyroid nodules (7,8,10,11).
In this study, we assessed the diagnostic accuracy 
of SWE by VTQ in patients with diffuse thyroid gland 
pathology and the usefulness of this technique in the 
differentiation of GD from HT.
2. Materials and methods
2.1. Patients
In total, 30 patients with HT (2 male, 28 female), 22 patients 
with GD (7 male, 15 female), and 30 healthy controls 
(6 male, 24 female) were enrolled in this prospective 
nonrandomized study from January to July 2016. The 
study population included patients being followed for 
either GD or HT in our endocrinology department. None 
of the patients had thyroid nodules according to their 
previous ultrasonography reports. The diagnosis of GD 
was based on the presence of thyrotoxicosis at the initial 
examination, a high thyroid-stimulating hormone (TSH) 
receptor antibody titer, and a hypoechoic to heterogeneous 
pattern with increased vascularity in the thyroid gland 
on ultrasonography. Twelve of the patients with GD 
were undergoing antithyroid therapy and had a low TSH 
concentration, and 10 were not receiving therapy and had 
normal thyroid function test results. The diagnosis of HT 
was based on the presence of a high antithyroglobulin 
antibody titer, high antithyroid peroxidase antibody titer, 
or both as well as a hypoechoic to heterogeneous pattern 
with diffuse goiter and increased or normal vascularity in 
the thyroid gland on ultrasonography. All patients with 
HT were receiving L-thyroxine therapy and had normal 
thyroid function test results. Participants in the control 
group had normal thyroid ultrasonography findings and 
normal serum TSH concentrations. The exclusion criteria 
were a history of thyroid surgery, radioactive iodine 
therapy, radiation therapy to the neck, and calcification or 
cystic lesions in the thyroid gland.
2.2. Conventional ultrasonography and SWE by VTQ
All conventional ultrasonographic and elastographic 
examinations were performed by two radiologists 
with 10 years of experience in sonography and 4 years 
of experience in elastography. Both radiologists were 
blinded to the patients’ diagnoses. All of the patients were 
examined by both radiologists. All patients underwent a 
sonographic examination of the thyroid gland including 
color Doppler ultrasonography using a Siemens ACUSON 
S3000 diagnostic ultrasound system (Siemens Medical 
Solutions, Erlangen, Germany). A Siemens 9L4 linear 
probe with a frequency range of 4 to 9 MHz was used in 
both the conventional ultrasonographic and elastographic 
examinations. The patients were placed in the supine 
decubitus position on the examination couch with their 
neck in hyperextension. The sonographic pattern and 
volume of the thyroid gland were recorded for all patients. 
After the B-mode sonography examination, color Doppler 
ultrasonography was performed to record the vascular 
pattern of the gland.
During the B-mode ultrasonography examination, 
SWE by VTQ was performed by switching to the 
elastographic mode. The probe was gently placed on 
the gel with light pressure, and the patients were asked 
to hold their breath. VTQ was performed on B-mode 
ultrasonographic images with a fixed 5- × 6-mm ROI 
placed in the thyroid parenchyma. The SWV of the tissue, 
which was proportional to the square root of the tissue 
elasticity, was then measured (Figures 1a and 1b). The 
SWV ranged from 0 to 9 m/s. Ten successful measurements 
per thyroid lobe were performed with the ROI placed at 
different points on the thyroid gland. The mean values of 
the measurements were calculated (7,9,12). The study was 
performed in accordance with the ethical guidelines of 
the Declaration of Helsinki and was approved by the local 
ethics committee.
2.3. Statistical analysis
The mean ± standard deviation and median, minimum, 
and maximum values were used as descriptive statistics 
for the quantitative variables, whereas frequency and 
percentage were used for the qualitative variables. 
Normality assumption was analyzed by the Shapiro–Wilk 
test. For normally distributed measurements, analysis of 
variance was used to compare the three groups. Tukey’s 
multiple comparison test was used as a post hoc test after 
analysis of variance. The Kruskal–Wallis test was used to 
compare nonnormally distributed variables among the 
three groups. The Conover–Dunn multiple comparison 
test was used as a post hoc test after the Kruskal–Wallis 
test. The chi-square test was used to compare qualitative 
variables among the groups. SPSS 21.0 for Windows (IBM 
Corp., Armonk, NY, USA) was used for all statistical 
analyses. P < 0.05 was considered statistically significant. 
Interobserver correlation agreement between the two 
radiologists was tested using an interclass correlation 
coefficient test. 
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3. Results 
In total, 82 patients (15 male, 67 female; median age, 
40 years; age range, 21–67 years) underwent thyroid 
ultrasonography and SWE by VTQ. Thirty patients with 
HT (median age, 39 years), 22 patients with GD (median 
age, 44 years), and 30 healthy controls (median age, 37 
years) were examined. The demographic and biochemical 
characteristics of the study population are shown in the 
Table. The groups were similar in terms of age and sex.
In both the HT and GD groups, the thyroid 
glands were hypoechoic to heterogeneous by B-mode 
ultrasonography and showed increased vascularity by 
Doppler ultrasonography. The mean SWV was 2.71 ± 0.22 
m/s in the GD group (range, 2.23–3.22 m/s), 2.50 ± 0.20 
m/s in the HT group (range, 2.22–3.04 m/s), and 1.92 
± 0.14 m/s in the control group (range, 1.60–2.18 m/s) 
(Table ). The mean SWVs in the GD and HT groups were 
significantly higher than that in the control group (P < 
0.001). The mean SWV in the GD group was significantly 
higher than that in the HT group (P < 0.001) (Figures 1a, 
1b, and 2).
The mean SWV of patients with diffuse thyroid 
pathology (GD + HT groups) was 2.59 ± 0.23 m/s (range, 
2.22–3.22 m/s). The difference between the control group 
and patients with diffuse thyroid pathology was statistically 
significant (P < 0.001).
In the GD group, the mean TSH concentration of 
patients who were and were not undergoing antithyroid 
therapy was 0.08 ± 0.10 and 1.81 ± 0.13 µIU/mL, 
respectively (P < 0.001). Patients who were undergoing 
antithyroid therapy and had a low TSH concentration 
showed a significantly higher SWV than patients who 
were not undergoing antithyroid therapy (2.81 ± 0.18 vs. 
2.59 ± 0.22 m/s, respectively; P = 0.023) (Figure 3).
The interobserver agreement was almost perfect for the 
two radiologists (0.99).
Figure 1a. Shear wave velocity (2.47 m/s) of a 42-year-old woman with 
Hashimoto’s thyroiditis.
Figure 1b. Shear wave velocity (2.80 m/s) of a 35-year-old woman with 
Graves’ disease.
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Figure 2. Box plot of the mean shear wave velocity (m/s) in the control group, 
Graves’ disease group, and Hashimoto’s thyroiditis group.
Figure 3. Box plot of the mean shear wave velocity (m/s) in patients with Graves’ disease according to the presence or absence of 
antithyroid therapy.
Table. Age, SWV, serum TSH concentration, and sex of patients in HT, GD, 
and control groups.
HT GD Control P-value
Age (years)* 39 (25–65) 44 (25–63) 37 (21–67)
Sex (M/F) 2/28 7/15 6/24 
SWV (m/s) 2.50 ± 0.20 2.71 ± 0.22 1.92 ± 0.14 <0.001
TSH (µIU/mL) 2.88 ± 0.13 1.09 ± 0.10 2.25 ± 1.30 <0.001
*Median (min–max). M: Male, F: female, SWV: shear wave velocity, TSH: 
thyroid-stimulating hormone.
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4. Discussion
The major finding of the present study is that the SWV 
of the patient group (HT + GD) was significantly higher 
than that of the control group (Figure 2). This indicates 
that the stiffness of the thyroid gland increases in the 
presence of diffuse thyroid gland pathology, which can be 
explained by replacement of the parenchyma by fibrous 
tissue and lymphocyte infiltration. Most of the previous 
studies did not separate CAT patients; they evaluated all 
forms of CAT. Our study comprised patients with only 
one form of CAT, who were diagnosed with Hashimoto’s 
thyroiditis specifically. The diagnosis of HT and GD 
was based on clinical and laboratory findings consistent 
with high titers of antithyroid antibodies and diffuse 
hypoechoic hypervascular pattern of thyroid tissue on 
ultrasonography. We did not use pathological examination 
in the diagnosis of HT and GD.
Ruchala et al. used sonoelastography to evaluate 
patients with acute, subacute, and chronic thyroiditis 
and found that the strain ratios of patients with chronic 
thyroiditis were significantly higher than those in the 
healthy control group (13). In another study, Menzilcioglu 
et al. found significantly higher strain ratios in patients 
with CAT than in the healthy controls (14). Although 
they used strain ratios rather than SWV, our findings 
are compatible with these two studies. Fukuhara et al. 
compared SWVs between patients with CAT and a healthy 
control group using SWE by ARFI (11). They found that 
the mean SWV in patients with CAT was 2.47 ± 0.57 m/s, 
which was significantly higher than that in the control 
group (1.59 ± 0.41 m/s). Friedrich-Rust et al. reported 
that the median SWV of normal thyroid glands was 1.98 
m/s, which was very similar to our results (1.92 ± 0.14 
m/s) (15). Hekimoglu et al. used SWE by ARFI to evaluate 
50 patients with CAT and 40 control subjects and found 
that the SWV of patients with CAT (2.56 ± 0.30 m/s) was 
significantly higher than that in the control group (1.63 ± 
0.12 m/s) (5). In the current study we also found that the 
SWV of the patient group (HT + GD) was significantly 
higher than that of the control group. 
We also compared SWVs of patients with HT and 
GD and found that the SWVs in patients with GD were 
significantly higher than that in patients with HT. Sporea 
et al. compared the SWV among 29 patients with GD, 
22 patients with CAT, and 23 control subjects and found 
that the mean SWV of patients with CAT and GD was 
significantly higher than that of healthy controls (16). 
They also found a significantly higher SWV in the GD 
than in the CAT group (2.82 ± 0.47 vs. 2.49 ± 0.48 m/s, 
respectively). In the current study, the SWV in the GD 
group was significantly higher than that in the HT group 
(Figure 2). Clinical examination of patients with HT 
reveals hard, diffuse goiter, whereas that of patients with 
GD reveals elastic goiter upon palpation (17,18). We 
expected the HT group to have a higher SWV than the GD 
group. However, the higher SWV in the GD group could 
have occurred because of the limited number of patients, 
especially in the GD group, or the irregular distribution 
of fibrosis in the thyroid gland. This result might also be 
explained by the course of inflammation, which is chronic 
in HT but fulminant in GD. Further studies with larger 
sample sizes are needed.
We also compared the SWVs of patients in the GD 
group who were undergoing antithyroid therapy with 
a low TSH concentration and patients under remission 
with normal TSH levels who received antithyroid therapy 
previously but it was stopped because of the normalization 
of thyroid function tests. We also found that in the GD 
group, patients with a low TSH concentration had a higher 
SWV than patients with a normal TSH concentration 
(P = 0.023) (Figure 3). Low SWV could be because of 
the decreased inflammation during the remission of the 
disease. It may be caused by the immunosuppressive effect 
of the previous antithyroid therapy. Sporea et al. also found 
significantly higher SWVs in patients with abnormal TSH 
concentrations (16).
The main limitations of our study were the small 
sample size, especially in the GD group, and the female 
predilection. We also could not find cut-off values because 
of the overlaps between the GD and HT groups. 
In clinical practice, SWE by VTQ can be used to 
discriminate normal thyroid glands from diffuse thyroid 
gland pathologies after conventional ultrasonography. 
This technique may also be useful to distinguish between 
HT and GD.
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